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Fundamental LWFA research at ATF

Mid-IR Laser
PL >1 TW
λ ∼ 10.6 µm
τL ∼ 2 ps

Powerful wakefield driver in the long
pulse regime cτ � λp

Electron Beam
Ee ∼ 50-70 MeV
Qe ∼ 0.5 nC
εn ∼ 1-3 mm-mrad

Transverse probe for plasma wake

Research Capabilities:
Study of long-pulse laser plasma interaction in
nonlinear regime
High resolution density and field probing of
LWFA
External injection in LWFA in the
blowout regime
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Timeline proposed in 2018

2019 X
Direct measurement of the fields in a self-modulated (SM) laser
wakefield accelerator (LWFA) using linac electron beam as a
transverse probe.

2019/2020 X
Parametric study of laser evolution in the SM regime and study of
novel physics predicted by simulations in this interaction.

2020 1/2X
Coordinate electron characterization, wake visualization and
simulations to achieve comprehensive understanding of
CO2-laser-driven wakefield acceleration in nonlinear regime.

2021

Characterization of radiation-generation capability of the channel
region in SM-LWFA using longitudinal probe. In particular, the role
of direct laser acceleration (DLA) in enhancing the gamma radiation
will be investigated.
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Electron beam probing experiment at ATF in 2019

Goal: visualize wakefield in self-modulation regime

Result:
obtained two data sets for “low-density” (∼ 1015cm−3) and “high-density” (∼ 1017cm−3) regimes.
obtained time-evolution of the wake by varying the delay between the laser beam and e-beam
Note: imaging plane was fixed and located 50 cm downstream of the interaction point.
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First glance at the low density data
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Investigating the observed features through simulations
Separating Wakefield and Laser Effects:

Radial Electric Fields,
Induced Wakefields (M0) Only

Radial Electric Fields,
Laser (M1) Only

Radial Electric Fields,
Wakefield + Laser

K. Miller,M. Petrusky
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Investigating the observed features through simulations
Evolution of narrow probe:

∆y = 1.6c/ωp

∆z = 15c/ωp

Centered at ξ = −10c/ωp (z = 42c/ωp).

@ K. Miller, M. Petrusky
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Electron beam probing experiment at ATF in 2020

movable YAG screen
(allows to find the best
imaging plane)
remote control of the
objective motion
remote control of the
ZnSe lens and Ge crystal
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Electron beam probing experiment at ATF in 2020 - PRELIMINARY
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Future plans

Implement high resolution BPM measurement for detailed study of fields in
SM-LWFA with spatial resolution on the scale of the laser wavelength.
Improve gas targets and diagnostics to enable simultaneous observation of e-beam
probe diagnostic, YAG laser diagnostic, and forward electron spectrum.
Obtain required data for a complete analysis of density and laser power scaling in
SM-LWFA.
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2020 Activities & Impacts Associated with this Experiment

Manuscripts:
I. Petrushina, et. al “Evolution of a Self-modulated Laser Wake and Relativistic
Self-focusing Induced Plasma Channel Produced by a TW-class CO2 Laser Pulse in an
Underdense Plasma” (in preparation for publication PRAB)
P. Kumar, et. al “Evolution of the self-injection process in long wavelength infrared laser
driven LWFA” (Physics of Plasmas)

Talks:
I. Petrushina, “Direct visualization of the interplay between a self-modulated wake and a
hydrodynamic channel formation using a relativistic electron beam as a probe”, UCLA
Summer Seminar, August 2020.
I. Petrushina, “Experimental investigation of interactions of long CO2 laser pulse with
plasma at ATF”, APS DPP, November 2020.
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COVID-19 Pandemic Impacts

The beam time initially scheduled in March 2020 was postponed until November 2020
The experiment was performed with the reduced team.
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Back-Up Slides
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First glance at the high-density data
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Wake time-evolution. Part 1.
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Wake time-evolution. Part 1.
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Wake time-evolution. Part 2.
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Up-ramp: wake reversal is observed
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Channel formation
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